Cowlesite specimens from nine new occurrences in Northern Ireland and from eight localities previously reported in the literature, were crystal-chemically characterised. The chemical data for a total of 25 samples indicate a composition close to the stoichiometric formula for cowlesite and a very limited compositional range. X-ray powder diffraction spectra were performed on 8 samples. The crystallographic unit cell pcrmit a proper indexing of the X-ray powder diffraction patterns as orthorhombic, unit cell constants close to a 23.3, h 30.6, c 25.0 A and doubled with respect to those originally reported in literature. The powder pattern and the TG curve are reported for an unidentified mineral species associatcd with cowlesite in one of the samples from Northern Ireland.
Introduction
COWLESlTE (ideally Ca"AII2SilS060.36H20) is a calcium-rich zeolite with unknown structure, first described by Wise and Tschernich (1975) from several localities in North America. Other occurrences were reported from Japan (Matsubara et al., 1978; Fujimoto et al., 1990) , Iceland and Faeroes (Betz, 1981) , Northern Ireland (Nawaz, 1984) , Scotland (Gottardi and Galli, 1985) , and Australia (Birch, 1988 (Birch, , 1989 .
In the literature there is a good agreement as far as the chemical formula unit of cowlesite is concerned, although there is considerable confusion in the definition of the crystallographic cell parameters. All authors agree on the choice of a primitive lattice type and on the orthorhombic unit cell; however, Wise and Tschernich (1975) and Matsubara et al. (1978) originally reported a cell with approximately a 11.28, b 15.24, c 12.64 A, while Nawaz (1984) and Artioli et al. (1988) found the lattice constants of a sample from Ballyclare Quarry (Co. Antrim, Northern Ireland) to be doubled in all directions.
The small size of the crystals and their structural imperfections prevented single crystal data collection with conventional X-ray sources; the determination of the cowlesite structure is at Mineralogical Magazine.
December 1992, Vol. 56. pp. 575-579 @ Copyright the Mineralogical Society present being attempted on the basis of the X-ray synchrotron data collected by Artioli et al. (1988) . One of us (H. F.) recently found new cowlesite occurrences at several localities in Northern Ireland, and the availability of the specimens prompted the present study with the following aims: 
Samples studied
The 25 samples studied in the present work are listed in Table I and grouped by locality; the new occurrences are numbered from 1 to 17 and the previously reported occurrences with corresponding literature reference are nos. 18 to 25.
The habit of the cowlesites from the new occurrences is very similar to the one described ET AL. (Birch, 1988 (Birch, , 1989 . 74
Quarry near Jirrlivick, Australia, Museum of Victoria, specimen M39526 (Birch, 1988 (Birch, , 1989 . 75
Island of Skye, Scotlarrl (Gottardi and Galli, 1985) .
for the other studied specimens. The zeolite always occurs in white, soft globular linings inside vesicles and fractures of basaltic rocks. Broken hemispheres of the globes show the cowIe site crystals to be very thin radiating plates with pearly lustre. The zeolite is often overgrown on thin saponite film alteration of the vesicle walls and is sometimes associated with analcime or chabazite.
Experimental
All cowlesite samples were initially identified by X-ray diffraction using a Gandolfi camera.
Electron probe microanalyses were carried out in the wavelength-dispersive mode on an ARL-SEMQ instrument operated at 15 kV, 0.20 flA beam current and a defocused beam (spot size -10 flm). Natural and synthetic silicates were used as standards. On-line data reduction was based on the Ziebold and Ogilvie (1964) method using the Albee and Ray (I (70) correction factors.
For nine samples (nos. 1,5,6,7,10,11,12,14 and 19 in Table 2 ) the water content was determined by thermogravimetric analysis, using about 8 mg of pure material and a Du Pont thermal analyser, operated in air at a heating rate of 10°C/min.
The chemical analyses of these nine cowlesites were normalised to 100% using the water content derived by thermal curves. For the other samples, chemical analysis normalisation to 100% was performed using a mean water content averaged on the basis of our results and literature data (see Table 2 ).
Eight samples for which abundant material was available were also characterised by X-ray powder diffraction using an automated Philips goniometer equipped with a pyrolitic graphite analyser crystal. diffraction patterns was obtained using the centroid of the second derivative function. Table 3 lists the unambiguous reflections identified in the cowlesite pattern up to 40°28 and the diffraction-peaks of an unknown phase present In sample no. -6. Fig. I shows the characteristic spectrum of cowlesite (sample no. 2) compared with the pattern of sample no. 6. The TG curve of this sample, performed on the same powder used for the X-ray diffraction, shows a small shift of the first endothermal peak to lower temperature and an additional peak at about 2000C. On the basis of the Si/ Al ratio (very near to 3/2) and the presence of Ca as the main extraframework cation, it is plausible to predict an ordered (Si,AI) distribution in the tetrahedral framework of eowlesite (Alberti, 1991) , probably controlled by the 'extended Loewenstein's rule' (Merlino, 1984) , because of the low Si/(Si + AI) ratio. It is worth noting that the cowlesite formula unit resembles that of scolecite, apart from the water content.
As far as the cell parameters are concerned, careful analysis of the powder pattern using computer graphics and profile fitting showed that about 30 diffraction peaks below 40°28 are well resolved and characteristic of all cowlesite samples. The intensities of all these peaks are in agreement with those derived from the singlecrystal study of the Ballyclare sample (Artioli etal., 1988) .
The diffraction peaks common to all analysed samples were indexed taking into account their angular dispersion and index probability parameter derived from the calculation of the multiplicity of the reflection with the structure factors available from the single crystal study. The same 20 unambiguously indexed diffraction peaks for all samples were used to determine the cell constants by least-squares refinement. The diffraction peaks of the unknown species present in sample no. 6, obtained after digital subtraction of the resealed cowlesite diffraction pattern ( Fig. 1 and Table 3 ) clearly shows at least 10 to 20 peaks not related to any reported mineral phase in sets 1-40 of the PDF-2 Data base. The difficulty in distinguishing the unknown phase from cowlesite by optical observation made its chemical characterisation impossible.
